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ABSTRACT

Immunoelectrophoresis of blood serum pools colleacted during June and
July, 1966 from gpawning runs of Yellowstone cutthroat trout in 8 streams
of Yellowstone Lake was done to determine 1f racial differences existed
among these differsnt spawning runs. Antigenic differences consisted of
one precipitin line with the exception of 2 instances where 2 linesg occurred.
Five discrete populations are indicated. The fish from Cub Creex, (Clear
Creek, Columbine Creek and Yellowgtone River outlel appear to be homogeneous
and make up Population I. TFish from Pelican Creek, Yellowstone River inlet,
Chipmunk Creek, and Grouse Creek comprise Populations IT, IIT, IV, and V
regpectively. Factors such as geographic location and time of spawning in
the streams may have influenced the mixing or segregation of spawning runs.



INTRODUCTION

A serological study was done on cutthroat trout taken during the
spawning season from 7 tributaries and the outlet of Yellowstone Lake,
vellowstone National Park. The objective wag to determine 171 populations
could be distinguished from the different spawning areas on the bagig of
antigenic differences. Studieg on trout of Yellowstone Lake show that
fish of a given gpawning run usually return to their home stream (Ball,
1955: McCleave, 1967). Cope (1957), in & study based on morphological
characterigtics, suggested that races of cutthroat trout inhabit Yellowstone
Leke and each home to a particular stream during the spawning season.

The uge of serological analyges to differentiate betwesn various popu-
lations of figh has gained wide acceptance in recent years. BSerological
studies made on several species of trout and salmon have sghown the presence
of distinct populations. Calaprice and Cushing {1964} found that eryth-
rocyte antigens of rainbow, brown, golden, and cutthroat trout were very
distinet and therefore ugeful in identifying "... specieg, strains, and
individualg.” Blood group systems have been demonstrabted for brown and
rainbow trout by Sanders and Wright (1962) and for rainbow trout and
sockeye galmon by Ridgway (1962). Serological differentiation in popu-
lations of sockeye salmon have been reported by Ridgway, Cushing, and
Durall (1958). Antigenic differences bebween American and Asian stocks
of sockeye salmon were found by Ridgway, Klontz, and Matsumoto (1962).

k4 b4

Serclogical relabionships have been reported for a number of marine

figh ineluding Sardinops caerulea (Sprague and Vrooman, 1362}, Sebastes
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marinus {Sindermann, 1961), Clupea harencus (Sindermann and Mairs, 1959),

Aloga pseudcharengus, Aloss aestivalils, Alcsa sapidigsima, Clupea harengus,

and Brevoortia tyrannus (Sindermann, 1962), Sgualus acanthiag (Sindermann

and Mairs, 1961), Raja ocelliata (Sindermann and Horney, 1964},




Between June 29 and July 15, 1966 blood was taeken from 30 or more

females and & males) at the following locations:

P e

cutthroat trout {usually
Yellowstone River outlet (1.6 km below Fighing Bridge); Pelican Creeck (0.2

km above mouth}; Cub Creek (0.8 km above mouth); Cleer Creek (0.2 km above
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mouth); Columbine Creek (0.4 km above mouth); Yellowstone River inlet (2

C.2 km

o

sbove mouth); Chipmunk Creek (O.4 km above mouth); Grouse Creek
above mouth) (Fig. 1). The minimmm straight line distance beiwesn aveas

Fa

sampled is about 1.6 km and the maximum about £9 km. The morphometry of
Yellowstone Leke and its tributaries was described by Benson {1961).
Most of the fish sampled were in spawning condition, however, those
from Chipmunk Creek and a few from Grouse Creek and the Cutlet did not
conbain mature eggs or sperm. C(utthroat trout were dipped from traps or
caught by angling in the streams. Following anesthetization with & solution
of MS 222 (1 gm in 4 to 5 liters of water) total lengths were taken and
blood was drawn directly from the heart of each fish using a syrings with
£ -

an 18 gauge needle. One to 5 ml of blood were usually taken from each Tigh.

fher removal, the blood wasg discharged into numbered 75x12 mm Kahn pre-

:

cipitation tubes and kept on ice for 2 to © hours before it reached the
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field laboratory. The blood was processed immediastely after reaching U
field laboratory for serum removal. Blood clots were ringed in the tubes
and centrifuged at 3500 rpm for 5 minutes. Serum was then removed with

capillary pipettes, expelled into numbered screw cap vials and stored at

o ; _— . . ; - .
about 4° ¢, The following day it was transporied to the University



Figure 1. U= f Yellowst ' i ] Lt
g ap of Yellowstone Lake and major tributaries showing sampling
S )

locaticons (eircles).
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into glass vials and frozen., When 2 rabbits were used for & serum pool the
antiserum was pooled.
The similarities and differences of the groups of pooled antigens wers
irst tested using the Ouchterlony immunodiffusion method, Due to the com-
plex nature of the reactions no clear distinctions could be made. In
subsequent tests the immunocelectrophoretic method proved to be mors suc-
cessful. The procedure followed thait of Campbell et al., 1964, with the

exception of the voltage and running time which had to be determined by

=i

frequent trials. Separation of the components in cubthroat trout sera was

N

accomplished using TV/cm Tor a period of 90 minuteg. It was found nscessary
to use absorbed antisera due to the relatively large number of components
present and the cloge similarities of the patterns. Abgorbtions were done
by adding about 0.1 cc of pooled cutthroat trout serum to L.U cc oOf anti-
serum and leaving at room temperature for one-half hour, These were then
1eft at 47 ¢ for periods ranging from 12 to 2L hours, centrifuged, and the
ahgorbed antiserum drawn off, In some cages 1t was necessary Lo reabsorb
the antiserum up to 4 times to ensure complete removal of all common
antibodies which, if not removed, cauged similar lines to appear on both
antigen well gides. This was determined after the initlal slectrophoresis

f pooled antigens and addition of absorbed antisera. The stalned patterns

O
Jd

were analyzed with the aid of a binccular mwicrogcope.



The regults are based on antligenic differences using specificalliy
absorbed antisera (cutthroat troub-antigen pool vs. rabbit anti-cubthroat
trout serum). In all cases, the differences represent the least possible
number of anbigens present. Each antigen pool and its howologous anti-~
serum was hested with the other 7 antigen pools. Differences congisgted of
g single line except for 2 instances wnere 2 lines occurred in close
proximity to the homologous antligen well., These lines probably represent
beta- or gamma-globulins (Figs. 2, 3). The minimum number of runs was 2,
but certain tests were run as many as £ times to help substantiste interpre-
tations, PFactors most likely responsgible for the difficulities sncountered
incliude; poor rabbit ilmmune response, repeated freezing and thawling of zers,
excegs of antigen or antibody. OCthers such as age or bhacterial conbami-
nation of sera, improper abgorbtion, masgking and varlability in intensity
of lineg, or changes 1n electrophoretic buffering solution may alse have
interfered in some of the runs. Table 1 shows the results of all tests.

Pelican Creek antiserum showed at least one antigenic difference with
antigen poolsg of Cub Creck, Columbine Oreek, Yellowstone River ocutlet, and
Chipmunk Creek. No antigenic differences were indicaited with antlgen pools
of Clear Creek, Yellowstone River inlet, or Grouse Creek.

Cab Creek and Clear Creek antiserum showed at least one antigenic
difference with antigen pools of Pelican Creek, Chipmunk Creek, and
Creek, The antigerum of Columbine Creek and Yellowstone River outlet gave

gimilar results with Pelican Cresk and Grouss Creek antigen poolg but atb



Figure 2. Immunoelectrophoretic pattern of Cub Creek an
with Chipmunk Creek entigen pool. A - Chipmu
pool well, B - Cub Creek antigen pool well.
shows at least one antigen difference belween
Chipmunk Creek fisgh.
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Mgure %, Immuncelecirophoretic patiern of Clear Creck &
with Chipmunk Creek antigen poocl. C -~ Chipmunk
pool well., D - Clear Creek antigen pool wel k T
gshows at least one antigen difference between {lear Creek and
Chipmunk Creek figh.
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leagt 2 antigenic differences were ghown with the Chipmunk Creek anti

i

pool. These 4 antisera showed no antigenic dlifference with the remaining
4 antigen pools.
Yellowstone River inlet antigerum indicated at least one antigenic

difference with all antigen pools except Columbine Creek. Chipmunk Creek

[n]

antigerun indicated at least one antigenic difference with all antige
i

1
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ools., whereag Grouse (resk antiserum indicated at least one antiger
3 &

4
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d
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difference with all antigen pools except Yellowstone River inlet

Yellowstone River oubtlet. A1l reciprocal tests ghowed at leagt onz anti-

]

genic difference with antigen pools of Felican Creek and one or 2

{

differences with Chipmunk Creek antigen pool.
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Terent serum antigeng smong cubthroat

=

Data show the presence of di
trout sampled which may indicate at least 5 populations.

Plavgible explanations for the presence of these populatbtions might be
related to such factors as strzam location and Time of gpawning. There are
no apparent geographical tarriers In Yellowstone Lake which would prevent

uhthroat trout of the various spawning runs from mixing with each other,
However, distance between tributary streams of a glven lake may be a factor

o

in the isclation or in mixing of gpawning runs. The time of spawnil

be more important than digtance in isolating different populsations.

The almost identical reactions of Cub Creek, Clear Creesk, Columbine

[} with all

L £ L

b1

Creek, and Yellowstone River outlet antiserum (Population
unrelated antigen poois indicate a2 homogenous population., The two anti-

genic differences shown by antiserum of Columbine Creek and Yellowstone

4e

River outlet with Chipmunk Creek antigen pool are not considered tLo be
and fish from Cub Creek and Clear Creek. The streams from which the fish
of Population I were sampled are located on the north and east shores of
Yellowstone Lake. The sbsence of antigenic differences bebween Cub Creek
and Clear Creek antigen pools may be the result of their mouths being onlj
1.6 km apart and having nearly coincident gpawning runs. A tegging sbudy
by McCleave (1967), showed that 2.6% (29 of 1137) Clear Creek fisgh strayed
into Cub Creek and 6.2% {119 of 1008} Cub Creek fish strayed into Clear

Creek. Tagging studies of fish from several other spawning runs in
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Yellowstone Lake indicated small percentages of the trout strayesd during
the gpawning season (Ball, 1955; Cope, 19%7; Ball and Cope, 1961).

The Pelican Creek cutbhroat trout populstion {Population IT) is
discrete. When antiserum of Pelican Creek was absorbed with antigen pools
of (lear Creek, Yellowsbone River inilet, and Grouse Cresk, mno antigen{(s)
gpecific for Pelican Creek fish was left asz shown by the negalbive tests.
However, the reciprocal tesbts indicated at least one antigen specific Tor
figh from eazch of these three streamg. The difference shown by Popuiation
1T mey be acecounted for by the earlier spawning run in the strzam and not
relsted to the location of Pelican Creek which ig on the NE shore of
Yellowgtone Lake.

The spawning run from Yellowstone River inlet {Population III} in
South Fast Arm is a distinct population as indicated by the antigenic

difference. The absence of antigenic difference bebween Yellowstone River

iniet antiserum and Columbine Creek anftigen pool and also in Tthe reciprocal

1

tegt may indicate that fish from the spawning runs of Tthese sireams have
ixed, This could be since the mouth of Columbine Creek is only about G km
from that of Yellowstone River inlet.
A discrets population is lndicated for Chipmunk Craek {Population IV
and for Grouse Creek {Population V) which are located in the South Arm as

shown by antigenic difference found with Population IV antiserum against

-

Population V antigen pool and also in reciprocal

+
o

este., This situation

oceurs in spite of the fact theilr mouths are only 3 km apart and records
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ghow the time of spawning fo be almost the same in bobth streams (Ball and

Cope, 1961), Chipmunk and Grouse Creeks are locabted the greatest distance

oY
[
"
et
Q)
=
)
ik
[
It
)
b
Q
=]

from other streams which might explaln thelr antigenic
other populations. The cutithroat trout from Chipmunk Creek corstitute The
most diverse population found on the basis of antigenic differences.

The igolation afforded by the arms may have been & significant factor

in the establishment of these three populations.
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